IE RO(LE of the kidney iii the control of blood pressure is a complex one. Thus it is now elear fromi the experiments of Wilson and Byrom' that partial constriction of one renal artery in the rat will lead to sustained hypertension and the development of histologic ehanges in the opposite kidney that appear to be identical with changes seen in malignant hypertension in n .ai These important observations have been amply confirmed and expanded by Floyer.2 On the basis of his experiments it appears that unilateral constriction of the renal artery initiates hypertension, whereas the maintenance of this state derives from the vascular lesions in the contralateral kidney. Paradoxically the kidney that initiates the hypertension is protected from vascular damage by the daniping effect of the artificial coaretation. In the early stages of the experiment the blood pressure may be restored to norinal by removing the constriction. After several months, however, removal of the constrictingc elip results onilv in partial returni to normal. Complete return to normal blood pressure follows removal of the constriction and contralateral nephrectomy.
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Whereas a state of renal iseheinia iniitiates aind maintains a severe degree of hypertension, a considerable amount of evidence has beei presented by Floyer and others that a normal kidnev exercises an antihypertensive ffee t. 3 Trhe presenit caset history illuistrates a prec ise duplication of the Flover experiment in the humania Case Report A 14-year-old boy was admitted to the University of MIinnesota Hospitals on February 2, 1959, for severe hypertension of at least 7 vears' duration.
The patient was the youngest boy in a family of six children. There was no history of hypertension in the family. Birth and early childhood were uneventful, and his developmient appeared to be quite normal. In 1951, following an attack of measles, he complained of a stiff neck, headaches, and pain in the armns and legs. In Februarv 19.52, after a grand nmal seizure his blood pressure was found to be 185/160 nmm. Hg.
Subsequent investigation failed to reveal a cause for the hypertension and he was placed on a lowsalt diet and a varietv of potent hypotensive agents. including hexamethoniuni bromide, veratrum viride, and potassium sulfocyanate, with little change in the level of his blood pressure. Except for fre-(luent severe frontal headaches he renained relatively asymptomatic for the next few years. By 1956 his blood pressure had risen to 220/185 mm. Hg. One month prior to admilission the patient had several episodes of blurring of vision in the right eve and a feeling of numbness over the entire right side of his body. On intravenous pyelogram showed duplication of the renal pelvis and ureter on the right side, with the double ureters extending at least to the pelvic rim. The renal pelvis on the left side was bifid with a single ureter. The right kidney was slightly larger than the left. Multiple studies designed to reveal evidence for epinephrine-producing tumors were negative. A retrograde aortogram was performed (figs. 1 and 2). The left renal arteries appeared normal, and a dense nephrogram was obtained on that side. On the right side a vessel was seen coming off the aorta for about 0.5 cm., which then narrowed down and fed into a markedly dilated vascular structure, consistent with a coaretation of the right renal artery with poststenotic dilatation. The right kidney received multiple large collateral vessels, probably arising from the lumbar vessels. The nephrogram on the right side was delayed and was considerably weaker than that on the left.
At operation on March 5, 1959, the diagnosis of coaretation of the right renal artery with poststenotic dilatation was confirmed. Blood pressure in the left renal artery measured 210/180 as compared to 55/50 mm. Hg in the right renal artery distal to the coaretation. The stenosed segment of the right renal artery, with an internal diameter of 0.5 mm. at its narrowest portion, was resected and the severed end of the vessel was re-implanted into the lateral side of the aorta (fig. 3 ). The blood flow through the right renal artery was interrupted for 29 mninutes. Systemic blood pressure at the end of the operation was 220/170 mm. Hg.
Immediately after surgery the patient involun- Repeated doses of "Pitressin" were given, with apparently little improvement in the concentrating ability of the kidney. To decrease the systemic blood pressure and thereby decrease the renal perfusion pressure, an infusion of trimethaphan camphorsulfonate (Arfonad) was started, and the systolic pressure was brought down from 200 mm. Hg to 130 to 140 mm. Hg. Although the urine output continued to be excessive, within 4 hours of surgery it had decreased to about 12 ml. per minute and at 8 hours after surgery it had fallen to 4.7 ml. per minute. Urinary sodium concentration remained between 90 to 140 mEq./L. until the tJ (4 -H , 'E.RAUE. VERNIER Table 1 Summary of Laboratory Data Folloiwing Repair of Coarct ltion of Right Renal Artery. D)0fi of Surgery, March 5, 1959 The postoperative course was further complicated by the development of severe uremia. On the second postoperative day blood urea nitroogen was 49 mg. per cent and serum creatinine 3.5 timg. per cent. A clearance study perfornmed on that day revealed an endogenous creatinine clearance of 24 ml. per minute and a urea clearance of 18 ml. per minute, the latter value representing about 24 per cent of the normal value. Oni the fourth postoperative day the blood urea nitrogen had risen to 164 mg. per cent and the serunm creatinine to 8 mg. per cent. Both values gradually returned to niormial over a period of about 14 days. During the period of acute renal iimpairmient the patient was febrile with temperatures ranging as high as 102.8 F. The exact cause of the feverm wa1s nevTer deterimiined; however, the patient responded to treatment with antibiotics. Postoperatively the patient was treated with "Arfonad" for approximately 24 hours and on the first postoperative day was started on reserpine for about 2 days, after which he received apresoline for an additional 3 days. After all hypotensive drugs had been discontinued, his blood pressure ranged from 130-180/90-130 imm. Hg to the time of discharge.
Biopsies of both kidneys and a muscle biopsv w ere obtained during surgery. Examination of the specimen from the right kidney revealed essentially no abnorimiality ( fig. 4 ) and the biopsy fromn the left kidney showed glomerular hyalinization, a imoderate degree of arteriolar thickening, and severe intinmal fibrous thickening and medial byperplasia of the smaller arteries ( fig. 5 ). The tubules showed no abnormality, and a scattering of nmononuclear cells was seen in the interstitial tissue. The muscle biopsy showed fibrohyaline intimal thickening of the small arteries and arterioles (fig. 6 ).
The patient was discharged on March 26, 1959, anid was re-admitted 3 months later for differential renal function studies. During this interval his blood pressure had remained persistently raised Circulation, Volume to the level of 160-170/110-130 mm. Hg. The results of the renal function studies are listed in table 2. It appeared that the hypertension, which had persisted since surgery, was due to severe renal insufficiency on the left side. It was decided to observe the patient for 6 months.
During the ensuing 5 months the patient's blood pressure continued to remain elevated and he was re-admitted on November 8, 1959, with a pressure of 170/110 mm. Hg. Repeated urine examinations during this time had revealed persistent albuminuria. Repeated renal function studies showed an increase in the inulin clearance to 69 ml. per minute on the right side. Urine collections from the left ureter were unsatisfactory. The paraaminohippuric acid clearance was not determined. An intravenous pyelogram again demonstrated that the right kidney was larger than the left ( fig.  7 ). At this time, however, there was considerably more contrast material excreted on the right side with much earlier appearance of the dye on that side.
In the light of the Floyer experiments and in view of the persistent hypertension and the poor renal function on the left side, a left nephreetomy was done on November 13, 1959. The right kidney was explored and the right renal artery was found Figure 3 First operation. Surgical division of the renal artery distal to the coarctation with re-implantation into the aorta. The coarcted segment is marked by an arrow and the anastomosis is inferior to this. The vena cava is retracted to the patient's right side.
to be of about the same size as at the previous operation. It pulsated vigorously into the hilus of the kidney. The postoperative course was uneventful. The blood pressure began to fall rapidly toward normal, beginning on the first postoperative day, and at the time of discharge on November 23, 1959, it measured 130/80 mm. Hg.
The removed kidney measured 9.5 by 5 by 4 cm. and weighed 69 Gm. The cortex measured 6 mm. and, grossly, the kidney appeared to have a normal architecture. The surface of the kidney showed fine pitting. Microscopic examination revealed several small foci of atrophic glomeruli and tubules in the cortex. The arterioles showed no marked THAL, GRAG&E, VERNIER Figure 5 Re,nal biopsy froinb contralateral ki(da ey showing mnedial hypertrophy aod intimltal p aliferatian, of mediam-sized ressels. Bottoni. Renal Wiopsy froan 7.id-ney with caarota tiOai of renal atrteryI show ing normnal renal p;airen chynint and blood ressels.
ehanrges, but the walls of smiiall and imiedium:l-sized arteries were almost uniformlv thickened. This thickening was partly fibrous anid the intinia showed elastic proliferation, with an occ,asional vessel almost completelv occluded. The large anteries and the renal arterv were essenltially normal. A mnusele biopsy, taken at surgerv, again showed moderate intimal thickening of the smaller vessels. Pathologic diagnosis of the removed kidnev was arteriosclerotic nephroselerosis in hypertension.
Since surgery, examination of the ur ine foor albumini has been repeatedly niegative and the blood pressure has ranged betweeni 120-130/60-85. Clinically the patient is free fromti svmptomns and latis been very active.
Discussion
rhe case illustrated here is a pure form of unilateral renal isehemia un-icomiplicated by g,eneralized atheroselerosis. As such, it bears close conmparison with the rat experiments of Floyer.2
The initial responise to excisioii of the co-Circulation, Voloume XXVII, Jasnuary 1968 aretation was, as one might have predicted, a partial reduction in blood pressure ( fig. 8 ).
The contralateral kidney with its severe smallvessel lesions presumably functions as Tobian7 has suggested, as if microclips had been applied. The extent of the vascular lesion developing in the opposite kidney appears to be a function of time. The time interval needed to produce this state is well known in the rat, but not in the human. In spite of the severe small-vessel lesions seen on muscle biopsy the blood pressure in this case rapidly returned to normal levels after the second stage. This finding serves to emphasize the occurrence of reversible functional changes in the caliber of vessels, which also demonstrate severe, diffuse, pathologic changes.
The pathogenesis of the massive diuresis following revascularization of the coareted kidney is puzzling and gives rise to some speculation. In effect, a kidney perfused from birth at a pressure approaching the lower limits of glomerular filtration pressure was suddenly exposed to an arterial pressure of 230/190 mm. Hg. The high urinary flow may have been a function of an elevated glomerular filtration rate in the immediate postoperative period. Thus Leaf et al.8 were able to demonstrate in the exposed kidney of the dog a direct linear relationship between urinary flow and glomerular filtration rate, when the latter was varied over a wide range by graded compression of the renal artery. Whether this relationship holds true with increasing arterial pressures above normal control values cannot be inferred from these studies. In Selkurt 's investigations in dogs,9 however, an increase in arterial pressure above normal resulted in a proportional increase in urinary volume and sodium excretion, with no apparent ehange in glomerular filtration rate and renal blood flow as measured by clearance studies. In this patient by the second postoperative day the decrease in the diuresis was associated with a decrease in systemic blood pressur'e and with a relatively low glomerular filtration rate as measured by creatinine clearance. UInfortunately daily Circulation, Volutme XXVII, January 196S lem. These workers demonstrated that in contrast to the renal cortex, the renal medulla lacks autoregulation and that an increase in perfusion of the renal medulla, by increasing renal arterial pressure, produces a pressure diuresis due to excretion of osmotically active substances from the countercurrent system.
Of course, the possibility that this transient and nearly complete failure of tubular function was the result of tubular damage must be considered. This may have been occasioned by the 29-minute period of renal anoxia at the time of repair of the coarcta- F'igure 8 Cthart shoitiing blood pressurse response to etxcisioii of coalrctaXtion and afte, econtralatteral nephrectomys. tiOI:l. Perliaps the gradual resumeptioni of tubu-t lar reahbsorption of sodium and water and the exeretioii of potassium. reflect the adaptatioin of the renial tubules to a high medullarv perfusion pressure.
The diaonosis of hvypertension due to renal vrasc.ular or renal parenchymnal disease poses several problems. On revriew. certain findi-ngs are of considerable interest and hold implieations for the study of patienits with renal 1-yperterlsion. The absence of a familv historvr of hyipertension, the normal urinarv findings.
anid the :fail-ure of response to antihyperternsiwe druogs strongly suggest hypertension of L-zL -znũ Chrsual s ause. The rise in blood pressure in this patieint wsas progressive, and immediatelv prior to the first operation he experienced a erebrovasceular aftident. The possibilite must be considered atauthe child had an earlo -unilateral pvelonephritis iri the left kidiiev to acecounlt for the hypertension? vet this seems ta us otinlikely asnd in owtr viea the eoaretationi appears to be f congenital origiti afd the primary auetor initiating the process.
In spite of the etensivre anatomine hangesn i l the kidney, the pyelogram showed normal exaretory funstiond and theeoareted kidneym contrarv to what is generallt expected, was the larger of the two. Biopsy of the two kidneys eonfirmed the concepts developed ingitiallv from the experimental production of hypertension in the rat. W threxpie rat and the humani appear to react very similarly to uniilateral constriction of the renial arterv. ill the dog it is almost invariably necessary either to eonstriet both renal arteries or to constrict onie renial artery and remove the other kidnes to obtaiin a sustained hypertension." Further mlore generalized arterial or arteriolar scler(osis has not beeni observed in dogs, even after 7 years of persistent hypertension.'2 This species difference may be in part respornsible for the lack of agreement amuong various inivestigators.
In the available literature t,he therapeutic approaeh to treatment of renal hypertension due to renal artery stenosis has frequently been nephrectomv, which all too often has failed to bring about the desired retiurn of the bloodl pressure to normotensive levels, This case points out the desirab-ility of eorrective surgery of the vascular abnormalitv and the necessity of preserving the kidney that has escaped the deleterious effect of prolonged severe hypertension. The findings in t;his patient thus eonfirm in a human case the eorrectness of the Floyer hypothesis.
Summary
Severe hypertension of at least 7 years, duration, due to coaretation of the right renal artery, was treated by recon-struLction of the abnormal arterv and restoration of blood flow to the coareted kidniey. Renal biopsies revealed normal microscopic architecture in the right kidniey and advanced hypertensive pathology in the opposite kidnev. After 8 months' observation of persistent. moderate hypertension, the left kidney was removed with prompt return of blood pressure to normal levels during the subsequent 21/2 years. These observations demonstrate the precise eorrelation of hypertension duie to renal artery stenosis in the human with the experimental model in rats.
Giovanni Battista Morgagni, the Founder of Pathologic Anatomy
That Morgagni was chiefly concerned with the morbid process as a whole and its evolution, rather than with the static alteration of the organ involved, is illustrated by his anticipation of the role played by the pressure of the blood on the formation of vascular aneurysms. He pointed out that the first noticeable alteration is a degeneration of the inner coat of the artery, followed by the formation of furrows that weaken the middle coat, and, when this occurs, the vessel undergoes dilatation. He realized that these progressive changes are brought about, to a considerable extent, by the pressure of the blood against the arterial wall, and, in support of this concept, he remarked that aortic aneurvsms occur most frequently in the arch because of the direct exposure of this portion of vessel to the stream of blood that is projected by the heart. As a logical conclusion, he warned against excess in diet and exercise and mentioned the harmful effect of emotional upsets.
Similarly, in conjunction with his studies of the variations of the pulse, Morgagni visualized, far ahead of his tinie, that relations exist between the nervous system and the circulatory system. He was cognizant of the fact that circulation may be disturbed by two sets of nervous irritations-one intermediated by the pneumogastric nerves, the other through nerves subservient to the arteries. He gave credit to Valsalva for the discovery that functional disorders in the cardiovascular system follow the division of pneumogastric nerves and he also praised Molinelli for modifying Valsalva's experiment by tying, instead of dividing, these nerves. 
